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Examples include

1) Study of LPI and CBET effects in 2w and 3w  drive beams
• Examine LPI in in hot spot and fast ignition relevant drive pulses 
• Examine effects of increased bandwidth
• Explore possibility of STUD pulses for LPI mitigation
• Study CBET in multiple overlapped beams

2) Hydro drive pressure, efficiency and instabilities
• High repetition rate studies of direct-drive relevant situations

3) Study of proton acceleration efficiency
• Examine scaling toward multi-kJ picosecond pulse drive
• Examine pulse duration effects (with eye toward increasing pulse duration)
• Examine effects of overlapping multiple picosecond beams on the acceleration foil

4) Study of hot electron generation
• Conversion efficiency at high drive energies
• Hot electron transport (cone in shell targets)

5) Study proton and electron stopping power in pre heated and pre compressed plasmas

6) Advanced diagnostic development for IFE experiments at larger facilities like Omega or NIF
• X-ray or proton backlighters and probes
• Particle diagnostics
• Rep-rated diagnostics

A number of basic science issues relevant to IFE could be 
addressed with a high energy multi-beam laser

Multi-beam, multi-kJ laser with modest (~shot/min) rep. rate would complement the large 
ICF machines and help propel study of some of the key physics issues specific to IFE



Opportunity exists because of three converging 
developments:

1) Texas Petawatt facility has been allocated 
additional high-bay space and TPW is in need of
upgrades (rep. rate, multiple beams etc.) 

2) New national interest in IFE with recent high 
profile NIF results and the possibility of a new IFE 
Program at FES

3) Significant private investment money is becoming 
available to propel IFE through start-up 
companies

There is now an opportunity to build a multi-beam, multi-kJ 
research laser for IFE and basic HED relevant research

Consequently, we are proposing the construction 
of a 4-beam laser with rep. rate in the UT TPW 
high bay for IFE and HED related research through 
the LaserNetUS network



We are developing a technical plan to commercialize IFE by the mid 
2030s, with a goal of attempting ignition by the end of the decade

IFE Phase 1: Test facility and studies

IFE Phase 2: SUPER -NOVA facility.               Ignition

IFE Phase 3a: QUASAR Diode-pumped power plant 
demo

IFE Phase 3b: High gain

IFE Phase 3c: Power demo

2021       2022      2023      2024               2026              2028                2030                           2035  2040    

Way to ignition and self-sustaining combustion Capital marketExperimental proof of the scaling behavior of our approach

Micro-Assembly

Thin Film 
Coating

Experimental Planning

Micro-Machining

Characterisation

MEMS
• Basic approach chosen is to utilize direct 
drive implosion with 2w light and ignite by 
proton fast ignition

Study most important physics
→ Hydro- eff. and LPI control 
with 2w drive
→ proton acceleration with 
multiple PW beams (10% 
efficiency goal)

Study integrated 
compression/proton heating
→ Cryo-targets
→ proton acceleration with 
cone-in-shell target

IFE R&D
• 10 Hz diode-pumped 
Laser module devel
• Mass production target 
fab
• First wall materials and 
reactor design

IFE Power plant 
deployment

Rep-rated power 
plant development



Superposition
of PW Lasers

Cone Stablity

High-Z
Mixing

Beam Propagation

Energy Deposition

Conversion efficiency

Distance

Amount of
available Protons

Foil stability
Laser 100kJ,3 ps
1020 Wcm-2

20 kJ protons 
kT= 3 MeV  

Challenge: Energy must be delivered to the dense fuel

1000 x 
solid 
density

Laser stops at 
1% 
solid density

tip (see Fig. 4(d)), as shown in Fig. 6(b). At this time, the beam
divergence is quite high, with a full width at half maximum
(FWHM) of about 55!.

4. Reduction of the beam divergence

As the Bz field is generated by the surface currents along
the cone walls, the control of these currents can be effective
for reducing the beam divergence. This could be done by
isolating partially the converter foil from the cone walls by
using high resistivity materials. In addition, this procedure has
the advantage of improving the laser-to-proton conversion
efficiency, as mentioned in Section 3. However, due to the
extensive computational resources requested for doing multi-
ps PIC simulations including collisions, we study here the

dependence of the beam focusing on basic parameters of the
cone target and the laser pulse, such as the cone tip material
and the laser intensity. Advanced cone designs including
collisional PIC simulations will be a subject of future studies.

4.1. Reduction of the beam divergence by using heavy
materials at the cone tip

As shown in Section 3, the strong erosion of the carbon
cone tip at the end of the proton pulse increases the beam
divergence substantially. Thus, we have explored the pos-
sibility of reducing the tip erosion by using a heavier ma-
terial at the cone tip. We have conducted PIC simulations of
the same hollow cone depicted in Fig. 1 but with a gold tip.
The electron densities near the carbon and gold cone tips are
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Fig. 5. Energy density of the proton beam at (a) 1.0 ps, (b) 1.5 ps, (c) 2.5 ps and (d) 3.5 ps.
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Fig. 6. (a) Radial and (b) angular distributions of the proton beam just before (x ¼ 79 mm) and after (x ¼ 91 mm) the cone tip at selected times. The distributions
before and after the cone tip are plotted by dashed and solid lines, respectively.
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The PFI approach is based on an extensive body of 
experimental and computation work

Experiment

DRACO/Spect3D 
simulations
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We have addressed the key topics in proton fast ignitionMicro-Assembly

Thin Film 
Coating
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Micro-Machining
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MEMS



The Texas Petawatt Laser is presently operating in part of 
an underground high bay on the U. Texas campus



The TPW is a member of the LaserNetUS network and 
user access is granted through this network



Existing Texas Petawatt footprint Additional high bay space 
available for expanded laser 
beams

Texas Petawatt laser high bay

We now have additional high bay space to permit the 
construction of a multi-beam research laser



We can quickly and easily demo existing structures in the UT 
PMA high bay and renovate the space on a 1.5 year time scale

Repurposed pulsed power cave 
renovated as clean room for 
front end

Decommission existing Texas 
Petawatt chain and utilize broad 
band front end

Former Helimak space can 
house large multi-beam target 
chamber



High Bay 
Renovations

Facility Construction

Operations DOE Funded (?)

2021 2022 2023 2024 2025 2026

~ $12M renovation investment by UT (?)

~ $60M construction investment by FE • ~ 50% usage by FE (some UT discretionary time)
• ~ 50% usage by outside users LaserNetUS or IFE Program peer review

FE Experiments on IFE physics

We are assessing the possibility of teaming with DOE FES and 
UT to build a joint, IFE research facility at the Texas Petawatt

4 beam housed in expanded, 8000 sq. ft 
renovated high bay at UT in Austin

Power amplifiers 
are liquid-cooled, 
lamp pumped 
Nd:glass amps 
developed for L4 in 
ELI Beamlines

Prospective capability
• 4 beams firing @ 1 shot/3 min

- Each can be operated in long 
pulse or fs-ps CPA mode

• LP Mode: 2.8 kJ per beam @ 527 nm
- 2 – 15 ns, pulse shapeable
- Broadband front end possible

• SP Mode: 1 kJ per beam
- 400 fs – 10 ps

• 3 m diameter target chamber w/ 
flexible beam configurations



The L4 laser system is the highest energy laser 
deployed at the ELI-Beamlines facility



The UT IFE 4-beam laser will utilize liquid-cooled 
Nd:glass disk amplifier technology developed for L4



7x 30cm Aperture Power Amp 2 Modules
(Cladded Nd:Phosphate)

10x 18cm Aperture Power Amp 1 Modules
(Mix of Uncladded Nd: Phosphate and Nd:Silicate)

Cladded PA2 Slab
Power Amp 1

Power Amp 2

The split disk liquid cooled amplifiers have been 
deployed on L4 at up to 30 cm aperture



Power Amp2 has 30 cm aperture modules with Nd:glass and 
is designed for easy inspection with 5 kV power supplies



1011 J

1 kJ energies were achieved with the broad band CPA 
seed at one shot/5 min



Power Amp 1 shows excellent energy stability with 
70 J output easily attained daily

Adjusted Seed 
Spectrum

Average: 69.6J
Std Dev: 0.73J (1.1%)

• OPA Seed Energy is 3.3J (up to 4J 
available)

• 9 out of 10 Amplifiers typically 
used

• 23% phosphate, 77% silicate 
Nd:glass



We have put together a conceptual design for a 4-beam facility 
with each beam capable of long and short pulse modes

4 individual beams with 30 cm liquid 
cooled Nd:glass disk amps

2.8 kJ per beam at 2w
with 1 shot/3 min rep. rate

4-beam front end delivering 
programmable nanosecond pulse 
shapes or sub-ps CPA pulses

~3m target chamber with flexible beam 
configurations including short and long 
pulses from all 4 beams

Short pulse mode in each 
beam compressed to as 
short as 400 fs and with up to 
1 kJ energy (in ps pulses)



The proposed layout includes four amplified beamlines 
utilizing liquid-cooled 30 cm Nd:glass disk amps 
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Pulse 
Duration

Max Energy 
@ 1054nm

Fluence on 
grating

350 fs 450 J 0.20 J/cm2

500 fs 475 J 0.21 J/cm2

700 fs 515 J 0.23 J/cm2

1 ps 560 J 0.25 J/cm2

2 ps 650 J 0.29 J/cm2

3 ps 720 J 0.32 J/cm2

4 ps 760 J 0.34 J/cm2

5 ps 810 J 0.36 J/cm2

10 ps 900 J* 0.4 J/cm2

Beam configured in short pulse modeBeam configured in nanosecond pulse mode

Pulse 
Duration

Max 
Energy @ 
1054nm

B-Integral FE Seed 
Energy

1 ns 500 J 1 0.2 J

2 ns 900 J 1 0.5 J

3 ns 1.2 kJ 1 0.7 J

5 ns 1.7 kJ 1 1.5 J

10 ns 3 kJ 1 5 J

10 ns 4 kJ 1.7 15 J

20 ns? 4.3 kJ 1 25 J

Each beam will be able to run in either pulse shaped 
nanosecond mode or sub-picosecond CPA mode



There are many possible target chamber configurations, 
which can accommodate a diverse range of experiments

20



Beam Short pulse

Spot size 50 – 100 um

Intensity, 𝐼! Up to ~ 2×10"# W/cm2

per beam

𝜃$%&'($ 15∘ − 45∘, front & back

Experimental studies

• Study of LPI and CBET effects in 2𝜔 and 3𝜔 drive beams

o LPI in in hot spot and fast ignition relevant drive pulses

o Explore LPI mitigating techniques

o Study CBET in multiple overlapped beams

• Hydro drive pressure, efficiency and instabilities
o High repetition rate studies of direct-drive relevant 

situations
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The beams in long pulse mode have greater flexibility in 
beam placement
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Side viewTop view
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Beam Short pulse

Spot size 5 – 100 um on target

Intensity, 𝐼! Up to ~ 2×10*" W/cm2 

per beam

𝜃$%&'($ 15∘ − 45∘

Experimental studies
• Study of proton acceleration efficiency

o multi-kJ picosecond drive pulse scaling

o pulse duration scaling

o overlapping multiple picosecond beams effects
• Study of hot electron generation

o Conversion efficiency at high drive energies

o Hot electron transport (cone in shell targets)

f/2 - f/5 

We are exploring various f/#’s for focusing the beams in 
sub-ps CPA mode
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We will attempt to have first light into a target chamber 
in 2025



Workshop Chairs were Juan Fernandez and
Cris Barnes

The workshop was attended by 88 people, 20
in person with 19 community “idea” 
contribution talks

We held a workshop on 10 February virtual/in person in Austin 
to solicit community input on the desired facility capabilities



The workshop has generated a report that has been circulated
to the participants and is now ready for release

Desired capabilities matrix


